Rationale: Recent data suggest that a thrombogenic atrial substrate can cause stroke in the absence of atrial fibrillation. Such an atrial cardiopathy may explain some proportion of cryptogenic strokes.
One-third of ischemic strokes do not have an identifiable cause. 1 Based on the pattern of brain infarction, these cryptogenic strokes appear to result from distant emboli rather than in-situ arterial occlusion. A widespread consensus supports that these embolic strokes of undetermined source (ESUS) arise from either cardiac structures or large-artery lesions, 2 but such risk factors remain incompletely elucidated. One potential ESUS risk factor is paroxysmal atrial fibrillation/flutter (AF) that existed prior to stroke but remained undiagnosed until after the stroke. However, only a minority of patients with ESUS show any evidence of AF even after several years of continuous heart-rhythm monitoring. 3 Recent evidence indicates that the same atrial pathology that leads to AF may result in thromboembolism even before AF manifests. On a 12-lead electrocardiogram (ECG), the P-wave terminal force in lead V 1 (PTFV 1 ) reflects left atrial abnormalities such as elevated filling pressures, myocyte hypertrophy, fibrosis, and chamber dilatation. [4] [5] [6] We have found in multiple longitudinal cohort studies that PTFV 1 is associated with ischemic stroke, particularly cryptogenic and embolic strokes, independent of AF. [7] [8] [9] [10] We and others have found associations between left atrial enlargement and ischemic stroke, again independent of AF. [11] [12] [13] [14] Amino terminal pro-B-type natriuretic peptide (NT-proBNP), a serum biomarker that partly reflects atrial myocyte dysfunction, has been linked with ischemic stroke independently of AF. [15] [16] [17] These findings support the hypothesis that ischemic stroke can arise from a thrombogenic atrial substrate even in the absence of AF. Such an atrial cardiopathy may explain some proportion of ESUS cases. Since AF is currently the sole diagnostic criterion for atrial thrombogenic potential, strokes occurring from left atrial thrombi in the absence of AF may be misclassified as ESUS. Broadening the diagnostic criteria for atrial thromboembolic substrate may allow better recognition of the underlying cause of stroke and may provide a conceptual shift in our understanding of the way in which atrial disease leads to stroke, thus providing a new target for stroke prevention.
Identifying atrial cardiopathy as the cause of stroke may lead to more personalized or individualized therapy for secondary stroke prevention. Antiplatelet drugs are the current standard for antithrombotic therapy in cases of ESUS. 18 However, anticoagulant drugs are substantially more effective than antiplatelet drugs in patients with AF, 19 and given the parallels between atrial cardiopathy and AF, it is likely that anticoagulation will also be superior to aspirin in patients with atrial cardiopathy and no AF. In an analysis of data from the Warfarin-Aspirin Recurrent Stroke Study (WARSS), we found that patients without known AF but with elevated NT-proBNP faced a lower risk of stroke recurrence or death on warfarin than on aspirin. 17 The likelihood of benefit may be even higher with non-vitamin K antagonist oral anticoagulant (NOAC) drugs, which prevent ischemic stroke as well as warfarin but with half the risk of intracranial hemorrhage. 20 Apixaban is a particularly attractive choice because it has a low bleeding risk, 20, 21 lowers mortality more than warfarin in patients with AF, 22 and is the only NOAC drug with a Class 1 A recommendation in recent AHA/ASA guidelines. 18 On the other hand, anticoagulation is unlikely to be superior to antiplatelet therapy in ESUS patients without atrial cardiopathy. Many cases of ESUS likely arise from large-artery atherosclerosis that is not currently labeled as a stroke mechanism because it does not result in ! 50% stenosis of the arterial lumen. [23] [24] [25] In patients with stroke from known intracranial atherosclerosis, the WASID trial found no benefit of warfarin over aspirin 26 and the SAMMPRIS trial found historically low rates of recurrence with dual antiplatelet therapy. 27 The ARCH trial demonstrated a trend towards fewer recurrent strokes with antiplatelet therapy compared to anticoagulant therapy in those with aortic arch atheroma. 28 These data suggest that anticoagulant agents are unlikely to be superior to antiplatelet therapy in ESUS patients without atrial cardiopathy.
These considerations form the rationale for the AtRial Cardiopathy and Antithrombotic Drugs In prevention After cryptogenic stroke (ARCADIA) trial, a randomized clinical trial testing the hypothesis that apixaban is superior to aspirin for the prevention of recurrent stroke in patients with ESUS and evidence of atrial cardiopathy.
Methods

Design
ARCADIA is an investigator-initiated, multicenter, biomarker-driven, randomized, double-blind, activecontrol, phase 3 clinical trial of apixaban versus aspirin in patients who have evidence of atrial cardiopathy and a recent ischemic stroke of unknown cause; 1100 participants will be recruited over 2.5 years from an estimated 4400 patients with ESUS screened at 120 sites in the National Institutes of Health (NIH) StrokeNet consortium. 29 Participants are followed for a minimum of 1.5 years and a maximum of 4 years for the primary efficacy outcome of recurrent stroke and the primary safety outcomes of symptomatic intracranial hemorrhage and major hemorrhage other than intracranial hemorrhage. The primary objective of the trial is to test the hypothesis that apixaban is superior to aspirin for the prevention of recurrent stroke in patients with cryptogenic ischemic stroke and atrial cardiopathy. The secondary objective is to test the hypothesis that the relative efficacy of apixaban over aspirin increases with the severity of atrial cardiopathy.
Patient population
The inclusion criteria are: age ! 45 years, a clinical diagnosis of ischemic stroke that fulfills the definition of ESUS, brain imaging to rule out hemorrhagic stroke, a modified Rankin Scale score 4, and the ability to be randomized no later than 120 days after stroke onset (Table 1) . ESUS is defined using published consensus criteria ( Table 2) . 2 To establish ESUS, patients must undergo brain imaging with either computed tomography or magnetic resonance imaging, vascular imaging of the cervical and intracranial cerebral circulation, a 12-lead ECG, transthoracic or transesophageal echocardiography, and ! 24 h of continuous heart-rhythm monitoring. Additional heart-rhythm monitoring can be performed at the discretion of treating physicians and local investigators, both before and after randomization. A patent foramen ovale is not exclusionary, whether repaired or not.
Key exclusion criteria are: any AF, a definite indication or contraindication to antiplatelet or anticoagulant therapy, a history of spontaneous intracranial hemorrhage, chronic kidney disease with serum creatinine ! 2.5 mg/dL, or a clinically significant bleeding diathesis (Table 1) .
Screening and randomization
Patients who meet all the preliminary inclusion and exclusion criteria and provide consent then undergo screening for atrial cardiopathy, defined as ! 1 of the following:
. PTFV 1 > 5000 mV Â ms on 12-lead ECG;
. Serum NT-proBNP > 250 pg/mL; . Left atrial diameter index ! 3 cm/m 2 on echocardiogram.
The thresholds for each of these biomarkers were chosen based on their associations with increased risk Ability to be randomized no later than 120 days after stroke onset Embolic stroke of undetermined source (see Table 2 of stroke or stroke recurrence from observational studies. Each was associated with approximately a doubling of risk of stroke in these studies. Although the precise levels of each biomarker that should be used to determine the presence of atrial cardiopathy remains a matter of study, our use of a broad range of biomarkers and the requirement that only one criterion be met were chosen to facilitate the testing of our second hypothesis that atrial cardiopathy represents a spectrum of illness, with different levels of severity.
The left atrial diameter index is determined by the local echocardiography laboratory at each site. PTFV 1 is centrally determined at the ARCADIA ECG Core. Serum NT-proBNP is centrally assayed from blood samples sent to the ARCADIA Laboratory Core. Patients who fulfill any one of the atrial cardiopathy criteria are randomized in a 1:1 ratio to apixaban or aspirin using a web-based central randomization system and a randomization method that controls the maximum tolerated imbalance within each NIH StrokeNet Regional Coordinating Center. 30 Randomization can occur as early as post-stroke day 3, but must be delayed until at least post-stroke day 14 for participants with severe strokes (initial NIH Stroke Scale [NIHSS] score ! 11), hemorrhagic transformation of the index stroke, or uncontrolled Table 2 . Criteria for embolic stroke of undetermined source
Stroke that is not lacunar:
Lacunar is defined as a subcortical (this includes pons and midbrain) infarct in the distribution of the small, penetrating cerebral arteries whose largest dimension is 1.5 cm on CT, 2.0 cm on MRI diffusion images, or 1.5 cm on MRI T2-weighted images
The following are not considered lacunes: multiple simultaneous small deep infarcts, lateral medullary infarcts, and cerebellar infarcts Patients with a clinical lacunar stroke syndrome and no infarct on imaging are excluded 2. Stroke that is not due to large-artery atherosclerosis:
Absence of extracranial or intracranial atherosclerosis causing ! 50% luminal stenosis of the artery supplying the area of ischemia Patients must undergo vascular imaging of the extracranial and intracranial vessels using either catheter angiogram, CT angiogram, MR angiogram, or ultrasound, as considered appropriate by the treating physician and local principal investigator hypertension. For all strokes, randomization must occur no later than post-stroke day 120.
Intervention
Participants are randomly assigned to either active apixaban and placebo aspirin, or active aspirin and placebo apixaban. Those assigned to active apixaban receive a standard dose of apixaban 5 mg orally twice daily, except that participants who meet two or more of the standard dose-adjustment criteria (age ! 80 years, weight 60 kg, or creatinine ! 1.5 mg/dL) receive apixaban 2.5 mg orally twice daily. Those assigned to active aspirin receive a dose of 81 mg orally once daily. Both study medications must be stopped during any periods when a participant has a definite indication for antiplatelet or anticoagulant therapy, during which time they receive open-label antithrombotic therapy. Participants who are diagnosed with AF after randomization cross over to open-label anticoagulant therapy at the discretion of their treating physicians, and both study medications are discontinued and no longer provided. Study personnel and participants are fully blinded to treatment assignment throughout the trial's duration. In case of an emergency requiring knowledge of a participant's treatment group, for instance life-threatening bleeding, need for emergency surgery, or indication for intravenous thrombolysis for acute ischemic stroke, treating physicians can request emergency unblinding via a 24-h telephone hotline.
Outcomes
The primary efficacy endpoint is recurrent stroke of any type (ischemic, hemorrhagic, or of undetermined type). The secondary efficacy endpoints are: (a) composite of recurrent ischemic stroke or systemic embolism, and (b) composite of recurrent stroke of any type or death from any cause. The primary safety outcomes are: (a) symptomatic intracranial hemorrhage, including symptomatic hemorrhagic transformation of an ischemic stroke, and (b) major hemorrhage other than intracranial hemorrhage. The secondary safety outcome is all-cause mortality. All primary and secondary endpoints, except for major hemorrhage, will be adjudicated by two neurologists blinded to treatment assignment. Major hemorrhage will be ascertained by site investigators using the following definition: clinically overt bleeding accompanied by a ! 2 g/dL decrease in the hemoglobin level during a 24-h period, transfusion of ! 2 units of whole blood or red cells, involvement of a critical nonintracranial site (intraspinal, intraocular, pericardial, intraarticular, intramuscular with compartment syndrome, or retroperitoneal), or death. Exploratory endpoints include: AF, any intracranial hemorrhage, major hemorrhage including any intracranial hemorrhage, symptomatic hemorrhagic transformation of an ischemic stroke, transient ischemic attack, myocardial infarction, minor hemorrhage, systemic embolism, symptomatic deep venous thrombosis, symptomatic pulmonary embolism, ischemic vascular death, and hemorrhagic vascular death.
Data monitoring body
Safety oversight will be under the direction of the NIH StrokeNet Data and Safety Monitoring Board (DSMB), which is composed of individuals with the appropriate expertise in overseeing stroke clinical trials. The DSMB will meet at least semi-annually to assess safety data on each arm of the study. The DSMB will review data quality and completeness; monitor fidelity to the study protocol; review the adequacy of participant recruitment and retention; review serious adverse events, clinical outcome events, and adverse events of special interest; and make recommendations to the NIH and the study principal investigators concerning trial continuation, modification, or conclusion.
Sample size estimates
The sample size estimation is based on the following assumptions:
. 30-Month uniform accrual period and 18-month minimum follow-up period; . 7% Annual risk of recurrent stroke of any type in aspirin-treated participants; . 40% Relative reduction (i.e. hazard ratio of 0.6) in the stroke recurrence rate with apixaban compared to aspirin; . 3% Annual rate of cross-over from blinded aspirin to open-label apixaban because of AF detection; . 3% Annual rate of cross-over from blinded apixaban to open-label aspirin because of bleeding or other adverse events; . 3.5% Annual rate of death in each group; . 1.5% Annual rate of loss to follow-up; and . One interim analysis for efficacy (or harm) and futility anticipated at the halfway point of the trial.
The assumption of a 7% annual risk of recurrent stroke in aspirin-treated participants was based on a 3.5% annual risk in the overall ESUS population 2 and pilot data indicating a 2-fold higher risk of stroke in those with atrial cardiopathy. 17 The justification for this assumption is that cardioembolic mechanisms of stroke probably have a uniquely high risk of recurrence when treated with only antiplatelet therapy, International Journal of Stroke, 14 (2) as seen in our pilot data. 17 The assumed rate of AF detection was calculated based on: (1) survey data from participating sites indicating that most patients would undergo post-discharge heart-rhythm monitoring before randomization and (2) published rates of AF detection during heart-rhythm monitoring after stroke. 3, 31 Expected discontinuation of study drug for reasons other than AF detection or bleeding was implicitly accounted for in the assumed hazard ratio for apixaban.
Given the assumptions above, the study would require a maximum of 1100 participants in whom 150 recurrent strokes are anticipated. This will provide 80% power to detect the hypothesized hazard ratio for recurrent stroke with apixaban compared to aspirin while allowing for an interim look. An O'Brien-Fleming type Lan-DeMets error spending function 32 will be used for the interim analysis boundaries, assuming a nonbinding futility boundary.
Statistical analysis
The intention-to-treat principle will be adopted for the analysis of the efficacy outcomes among all randomized participants. Participants who cross over to open-label antithrombotic therapy will continue to be followed for outcomes, and their outcomes will be analyzed according to their original treatment assignment. Safety outcomes will be analyzed in participants who receive at least one dose of study drug. The log-rank statistic will be used to test the null hypothesis, at a two-tailed alpha level of 0.05, that the hazard ratio comparing apixaban to aspirin is 1.
Study organization and funding
The ARCADIA trial is being funded by the U.S. National Institute of Neurological Disorders and Stroke of the NIH and will be conducted within StrokeNet. In addition, apixaban, aspirin, and their matching placebo treatments are being provided in kind by the BMS-Pfizer Alliance. Funding for laboratory assay support is being provided by Roche Diagnostics.
Discussion
ARCADIA is the first trial to test whether anticoagulant therapy reduces the occurrence of stroke in patients with atrial cardiopathy but no known AF. The Apixaban for Treatment of Embolic Stroke of Undetermined Source (ATTICUS) trial (NCT02427126 at clinicaltrials.gov) is comparing apixaban to aspirin in patients without a major-risk cardioembolic source but risk factors suggestive of cardiac embolism. This ongoing trial differs from ARCADIA because patients may qualify based on cardiac risk factors other than atrial cardiopathy, such as patent foramen ovale, or based on non-cardiac risk factors such as a high CHA 2 DS 2 -VASc score; because the outcome is new ischemic lesions on brain imaging rather than clinical stroke; and because it has an openlabel design. 33 The strategy of using brain imaging biomarkers to demonstrate the efficacy of a preventive treatment for stroke has not yet been shown to predict clinical efficacy, 34 36 This trial was halted early after an interim analysis involving approximately 7200 patients found no difference between treatment groups in regards to the primary outcome of stroke or systemic embolism, with no unexpected signals concerning safety. The Dabigatran Etexilate for Secondary Stroke Prevention in Patients With Embolic Stroke of Undetermined Source (RE-SPECT ESUS) trial (NCT02239120) is similarly comparing dabigatran to aspirin in patients with ESUS, regardless of atrial cardiopathy. Patients with up to 6 min of AF per day are eligible. Given the expected heterogeneity of its patient population-including some patients with nonstenosing plaque, some with atrial cardiopathy and no AF, and some with atrial cardiopathy and brief episodes of AF-the findings of RE-SPECT ESUS will be difficult to extrapolate to patients with atrial cardiopathy but no AF. In this context, the ARCADIA trial is expected to shed light on a biologically distinct stroke mechanism with specific therapeutic implications.
The execution of the ARCADIA trial involves several key challenges. First, the optimal biomarkers of atrial cardiopathy are unknown. The biomarkers used to determine eligibility for randomization in ARCADIA were based on the best available observational data, and thus this trial will serve as an important proof of principle that motivates future work on the ideal characterization of atrial thrombogenic substrate. ARCADIA will include collection of data-including a blood sample repository and central echocardiography and ECG cores-that will permit exploration for additional biomarkers of atrial cardiopathy that may permit even better estimates of risk and therapeutic efficacy with anticoagulation. Second, the trial's power estimation was complicated by secular decreases in recurrent stroke rates in clinical trial participants. To anticipate a continuation of such trends, the sample size calculation for ARCADIA was based on the lower end of current estimates regarding the risk of recurrence after cryptogenic stroke. 2 Furthermore, the reasons for secular
International Journal of Stroke, 14(2) decreases in stroke rates, such as greater uptake of statin and antihypertensive therapy, may be less relevant to the specific mechanism of cardiac embolism proposed in this study. Sample size calculations were also complicated by the need for assumptions about rates of cross-over, study drug discontinuation, loss to follow-up, and mortality. All assumptions were based on conservative interpretations of pilot data, but it is possible that actual rates will differ, thus affecting statistical power. Third, the ARCADIA trial targets a specific subpopulation of patients with ischemic stroke, which necessitates screening large numbers of stroke patients to identify eligible participants. The NIH StrokeNet network for ARCADIA, consisting of 120 sites participating with facilitation from 25 Regional Coordinating Centers, will enable this degree of screening. The enrollment of a small subset of the overall ischemic stroke population will limit the generalizability of the trial's findings, but that is by design, since the objective of the trial is to advance precision stroke medicine by isolating a specific underlying stroke mechanism.
Summary and conclusions
Successful completion of the ARCADIA trial and validation of its primary hypothesis would have implications not only for secondary stroke prevention but primary prevention as well. Any success of anticoagulant therapy in reducing recurrent stroke in this high-risk population with atrial cardiopathy would suggest the possibility of benefit in patients with atrial cardiopathy and no history of stroke. Thus, validation of atrial cardiopathy as a therapeutic target may set the stage for primary prevention trials. Such trials could feasibly test the benefit of anticoagulant drugs, but may also involve other therapeutic strategies. Validation of the atrial cardiopathy concept would likely lead to a shift away from viewing thromboembolism as mostly the result of blood stasis in a fibrillating atrium and towards viewing it as the result of a complex interplay of left atrial tissue derangements in addition to contractile dysfunction. Such a conceptual shift may spur interest in therapeutic methods-such as specific drugs to ameliorate endothelial dysfunction 37 or a more multimodal approach of aggressive vascular risk factor management to beneficially modify left atrial substrate 38 -that may reduce the risk of left atrial thromboembolism without the bleeding risk that anticoagulant therapy necessarily entails. Therefore, the ARCADIA trial may not only have near-term diagnostic and therapeutic implications for primary and secondary stroke prevention, but also help to spur a conceptual reorientation that will open up many fruitful avenues of future research on reducing the burden of atrial cardiopathy and stroke.
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